The reverse transcriptase (RT) enzyme of HIV type 1 (HIV-1) is largely targeted by the host immune selection pressure and would differ in the anatomical compartments, thereby having a drastic impact on viral quasi-species evolution. The HIV-1 RT region sequenced from plasma and genital secretions of 8 antiretroviral treatment (ART)-naive females was analyzed for the pattern of amino acid mutations and the ratio of synonymous and nonsynonymous substitutions to determine whether it is under different selection pressure in both the compartments. Phylogenetic and mutational analysis of the HIV-1 RT in plasma and genital secretions of HIV-1-infected ART-naive females showed limited variation likely reflecting the absence of differential selection pressure and therefore genetic variation in these compartments.
Introduction
The female genital tract is a reservoir of HIV, and cervico-vaginal secretions constitute the primary vehicle in female-to-male and mother-to-child transmission HIV. 1 During early infection, the virus colonizes various organs within the body and can form diverse viral populations, driven to adapt to different environmental selective pressures. 2, 3 Because the envelope gene is a major determinant of cell tropism, 4, 5 sequencing has been usually performed on this region, leaving other potentially important genes unexplored such as RT, that is primarily targeted by the cellular immune response and may also significantly impact viral quasi-species evolution and therefore drug resistance. [6] [7] [8] The purpose of this study is to ascertain whether RT is subjected to diverse selection pressure in plasma and genital secretions of antiretroviral treatment (ART)-naive females, which is critical to the development of an effective drug regimen against those variants residing in genital compartments.
Methods

Study Population and Sample Collection
This study was carried out at Y. R. Gaitonde Centre for AIDS Research and Education (YRG CARE) at Chennai, a tertiary referral center in Southern India, providing medical, psychosocial care and support for more than 12 000 HIV-infected patients. The study protocol was approved by YRG CARE's Institutional Review Board. The participants included in this study are the women (n ¼ 8) infected with HIV-1 through heterosexual route and ART naive. Subject's were asked to refrain from sexual intercourse 72 hours before the sample collection, and pregnant or menstruating females were excluded from the analysis. Three milliliters of peripheral blood was collected from each female and was centrifuged within 6 hours of collection at 3000 rpm for 10 minutes to separate the plasma. Endocervical secretions from females were collected using Tearflo strips and placed in the sterile screw-cap tube containing 500 mL of 1Â nucleic acid sequence-based amplification lysis buffer.
Sequencing of HIV-1 RT Region
HIV-1 RNA was isolated using QIAamp viral RNA kit (Qiagen, Inc, Valencia, California). HIV-1 RT (region 20-240) was amplified from complementary DNA using nested polymerase chain reaction as described earlier 9 with appropriate controls. Bidirectional population sequencing of purified products was done using ABI 3100-Avant Genetic Analyzer (Applied Biosystems, Foster City, California). All the sequences were edited using the Seqscape (version 2.5; Applied Biosystems) software.
Data Analysis
Multiple sequence alignment and phylogenetic analysis of HIV-1 RT sequences from plasma and genital secretions were performed using the neighbor-joining algorithm (MEGA, version 3.1), and the reliability of each tree was assessed by bootstrap resampling with a minimum of 1000 replicates: interior branch testing. The ratio of Non synonymous to synonymous substitutions (dN/dS) was calculated by comparing the RT sequences from plasma and genital secretions with the consensus subtype C sequence, and the analysis was performed using Synscan (www.hivdb.stanford. edu). The codon sites evolving under the influence of positive Darwinian selection were identified by comparing the RT sequences isolated from plasma and genital secretions using HyPhy with codon substitution model MG94. 10 The presence of drug resistance mutations was analyzed using Stanford HIV Drug Resistance Database (www.hivdb.stanford.edu).
Nucleotide Sequence Accession Number. The Gene Bank accession numbers of the HIV-1 RT sequences described here are EU340268 through EU340283.
Results
The mean (+standard deviation) age and median (interquartile range [IQR]) CD4 T-cell count of the females infected with HIV-1 subtype C were 29 (+3.07) and 555 cells/mm 3 Table 1 ).
Discussion
While the majority of HIV-1 infections are transmitted through the exposure to the virus in genital secretions, prevention and therapeutic strategies are usually based on the characterization of HIV-1 in the blood. Here, in this cross-sectional study, we compared the selection pressure and amino acid mutations in HIV-1 RT region from plasma and genital secretions of ARTnaive females. Phylogenetic analysis indicated that evolution of HIV-1 RT isolated from the plasma and genital secretions is closely related during the absence of therapy is consistent with the results of previous analysis with polymerase gene in plasma and cerebrospinal fluid 11 and also with another study of plasma, peripheral blood mononuclear cells, and gut mucosa. 12 Because HIV-1 RT region is highly conserved with high levels of sequence homology owing to its importance in viral replication, distinct variation would be less likely observed in the phylogenetic analyses. In addition, the ratio of dN/dS calculated as a measure of selection pressure confirmed that the HIV-1 RT region from both the compartments was under purifying selection pressure (dN/dS < 1). Previous studies have shown that homogeneous HIV strains will be present in blood early during the primary infection, including in women. [13] [14] [15] [16] [17] [18] A possibility exists that the subtype C variants of HIV-1 mainly present in our study women may be homogeneously transmitted during male-to-female heterosexual transmission, as previously hypothesized for clade C HIV-1 variants during both female-to-male and male-to-female transmissions. 19 However, frequent heterogeneity of HIV-1 variants in blood during primary infection 19, 20 has also been reported. Reports demonstrating the distinct evolution of HIV-1 RT and the development of drug resistance in the blood and vaginal compartments of HIV-1-infected ART-naive females exists. [21] [22] [23] Nevertheless, in the present analysis, despite the observed concordance among compartments, the virus derived from the plasma and genital secretions showed instances of discordant mutations at codons 166K, 173A, 174Q, 178I, 200A, 207E, which correspond to the predefined Cytotoxic T lymphocytes (CTL) epitope 24, 25 in RT, and likely reflects the adaptation of HIV-1 to the local immune selective pressure. 26, 27 This finding raises a possibility of differential selection process that leads to distinct drug-resistant variants under treatment because some of these mutations have been included as a candidate for positive reproductive fitness 28 and drug resistance. 8, 29, 30 The limitation of the current study is the smaller sample size, and the history on HIV seroconversion for the study population is unknown and hence the absence of genetic diversity between the compartments could not be related to the stage of HIV infection. In conclusion, in the present analysis, phylogenetic and mutational analysis of RT in plasma and genital secretions of HIV-1-infected ART-naive females demonstrated limited variation likely reflecting the absence of differential selection pressure and genetic diversity. Further studies are warranted with a larger data set and multiple clones derived from plasma and genital secretions for each participant to confirm the present findings that may have major implications for the treatment of HIV disease.
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